Introduction
Electromagnetic form factors are good instruments to probe the internal structure of the hadrons and extract information about their sizes and shapes. In the non-perturbative regime, it is a challenge to determine the form factors from the quark-gluon degrees of freedom. Lattice QCD provides an ab initio scheme to perform such calculations. In the case of spectrum and form factors of the hadrons, previous years mostly saw the application of this method to the light-quark sector; which also has rich experimental results to compare with. However, one can question how the structure of the hadrons gets modified in the heavy-quark regime, like in the case of charmed hadrons. Unlike the light baryons, only the spectrum of the charmed baryons are accessible by the experiments for the time being. Future charm factories like BES-III and PANDA at GSI are expected to probe the charm sector. In this work, we revise our previous Ξ cc calculation [1] and extend it to cover the Σ c , Ω c and Ω cc baryons and calculate their electromagnetic form factors, as well as their electric/magnetic charge radii and magnetic moments in the framework of Lattice QCD.
Baryon Form Factors and Lattice Formulation
Matrix element defining the vector current interaction of a spin-1/2 baryon can be parameterised as follows
where q µ = p µ − p µ is the transferred four-momentum. Here u(p) denotes the Dirac spinor for the baryon with fourmomentum p µ and mass m B . The Dirac, F 1,B (q 2 ), and Pauli, F 2,B (q 2 ), form factors are related to the Sachs electric and magnetic form factors by the relations
One can extract the Sachs form factors in the large Euclidean time limit by calculating the following ratio
where F BB (t; p; Γ 4 ) and F BV µ B (t 2 , t 1 ; p , p; Γ) are the baryonic two-point and three-point correlation functions with t 1 and t 2 being the current insertion and the sink particle's time slice respectively. Γ matrices are defined as Γ i = γ i γ 5 Γ 4 and Γ 4 ≡ (1 + γ 4 )/2. When t 2 − t 1 and t 1 a, the ratio in Eq. (1) reduces to the desired form
) by choosing appropriate combinations of Lorentz direction µ and projection matrices Γ:
Charge radii of the baryons can be extracted from the slope of the form factors at zero momentum transfer,
. We choose to model the form factors by a dipole form,
, and thus evaluate the charge radii as, r 2 E,M = 12/Λ 2 E,M . Magnetic moments are obtained from the magnetic form factor at zero momentum transfer by evaluating,
3 Lattice Setup
• PCAS-CS generated 32 
• Shell source -Wall sink pairs, t=12a seperation.
• Number of configurations per κ u,d 
Plots
Upper two plots show the Euclidean time dependence of the ratio given in Eq.(1) for up to 9 (7) units of momentum insertions for electric (magnetic) data. Horizontal lines show our choice of fit regions determined by a pvalue analysis. Plateaux are given for the κ u,d = 0.13770 (m π ≈ 300 MeV) lattices.
Middle plots show the form factors obtained on all sets of configurations.
Extrapolations to the physical point for electric/magnetic charge radii and magnetic moments are given at the lower three plots.
Only the Ξ cc figures are given for illustrative purposes. Σ c , Ω c , Ω cc plots can be found in Ref. [3] . . We show the fits to constant, linear and quadratic forms. The shaded regions are the maximally allowed error regions, which give the best fit to data.
B. Lattice evaluation of the data
In order to evaluate the magnetic moments, we need to extrapolate the magnetic form factor G M to −q . We show the fits to constant, linear and quadratic forms. The shaded regions are the maximally allowed error regions, which give the best fit to data.
Lin. fit Quad. fit 4 
Results
Plateau, form factor and chiral fit plots are shown at the Plots section. Compiled physical point results are given below. In Ref. [3] it is shown that the charm quark contributions are much smaller than the light quark's, which drive the hadrons to be more compact compared to the PDG values.
Conclusions
We have calculated the electromagnetic form factors of the Σ c , Ξ cc , Ω c and Ω cc baryons up to ∼ 1.6 GeV 2 on 2 + 1-flavor lattices and as a by product extracted the electric and magnetic charge radii and the magnetic moments. Comparison with nucleon data shows that charmed hadrons' observables are smaller. This is believed to be due to the valance charm quarks. Simulations on physical-point configurations are ongoing.
